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Name a
Sequences (5'->3') b GTTTTAAATTATGGAGTATCTGTCTGTGGAGACGAGAGTAAG
C3-14-mis GTTTTAAATTATGGAGTACGTGTCTGTGGAGACGAGAGTAAG
Complementary strands for P14
C4-PM GTTTTAAATTATGGAGTATGTGACTGTGGAGACGAGAGTAAG

C4-9-mis GTTTTAAATTATGGAGTATGTGAATGTGGAGACGAGAGTAAG
Complementary strands for P15
C5-PM TGGCGACGGCAGCGAGGCTTAATTTGTTAAATATGGCGATTCTCACGCCAACATGTAATTTAG GCAG
C5-55-mis TGGCGACGGCAGCGAAGCTTAATTTGTTAAATATGGCGATTCTCACGCCAACATGTAATTTAGG CAG a Each labeled probe has a quencher at the 3' end (BHQ-1 or BHQ-2). BHQ1 is Black Hole Quencher 1 and BHQ2 is Black Hole Quencher 2. The positions of fluorophores and other internal labels in the probe sequence are indicated according to its position from the 5' end of the probe. The modifications at the 5' end of the probe are also specified in the probe name.
For example, "P18-5'PO4-3biotin-15FAM" means Probe 18 has a 5' PO4 end and FAM is labeled at Position 15 from the 5' end. Besides, the base at Position 3 from the 5' end is labeled with biotin. FAM is 6-carboxy-fluorescein and ROX is 6-carboxy-X-rhodamine. b All the complementary DNA sequences without specified 5' modifications have a 5'-OH end. The bases shown in bold and underlined in the complementary strands indicate that they are mismatched with the opposite bases in the probe.
Scheme S1. Sequences of the longest perfectly matched (PM) dsDNA substrates used in this work.
In the following DNA duplexes, T represents T(-FAM), indicating that FAM is labeled at dT. The label attached to T is specified after the name of each related probe. Underlined part indicates the unpaired region.
Here T represents T(-ROX).
5'PO4-TCTCCACAGACACATACTCCATAATTTAA-3'BHQ-2 3'-GAATGAGAGCAGAGGTGTCTGTGTATGAGGTATTAAATTTTG-5'-OH P21-5'PO4-3FAM-15ROX/C3-PM: Here T represents T(-ROX).
5'PO4-TCTCCACAGACACATACTCCATAATTTAA-3'BHQ-2 3'-GAATGAGAGCAGAGGTGTCTGTGTATGAGGTATTAAATTTTG-5'-OH Supplementary results and discussion
5'-PO4-TCGTCTCCACAGACACATACTCCA-3'BHQ-1 3'-GAATGAGAGCAGAGGTGTCTGTGTATGAGGTATTAAATTTTG-5'-OH Figure S2 . (a) Typical fluorescence curves of P1-5'OH-6FAM-duplexes and P2-5'PO4-6FAM-duplexes digested by λ exo (corresponding to Figure 1a) . (b) The complete sequences of the tested P1-5'OH-6FAM/C1-PM(42) and P2-5'PO4-6FAM/C1-PM(42) duplexes are shown, where T represents T(-FAM) and underlined part indicates the unpaired region. In the schematic structures, the mismatched bases are indicated in red in the tested mismatched DNA duplexes. Only the first fifteen base pairs from the 5' end of the labeled probe were shown for comparison with the PM duplex. The relative rates of fluorescence increase of P2-5'PO4-6FAM/C1-PM(42) and P2-5'PO4-6FAM/C1-2-mis(42) duplexes were found to be 545±2 and 611±9, respectively, in comparison with that of P1-5'OH-6FAM/C1-PM(42) duplex which was set to 1.0. Fluorescence intensity (a. u.) (a)
5'NH2-TCTCCACAGACACATACTCCATAATTTAA-3'BHQ-1 3'-GAATGAGAGCAGAGGTGTCTGTGTATGAGGTATTAAATTTTG-5'-OH The rate of fluorescence increase was calculated based on the signal from ROX channel.
b, c The rate of fluorescence increase was calculated based on the signal from FAM channel.
e Not applicable.
f The t value for P=0.01 at n'=5 is 4.032. The t values that are of significance were marked in bold.
The t value was calculated using
where X1 is the average value of the relative rate of fluorescence increase of P9-5'PO4-15FAM/C3-2-mis and X2 is that of other 2-mis substrates. S1 (or S2) is the standard deviation of X1 (or X2). The values of X and S were obtained in Table S2 . n stands for the number of replicate experiments and n= 3 for all the substrates. a The mismatched duplexes that showed significant difference in the digestion rate from the corresponding PM-duplexes in student's t test (Table S3 ) were regarded to have mismatch acceleration effect. Otherwise the mismatched duplexes were determined to have negligible mismatch acceleration effect. b Not applicable for the PM-duplexes.
As shown in Table S3 P16-5'PO4-3digoxin-15FAM/C3-PM, P16-5'PO4-3digoxin-15FAM/C3-2-mis, P16-5'PO4-3digoxin-15FAM/C3-14-mis, P19-5'PO4-3NH2-15FAM/C3-PM,P19-5'PO4-3NH2-15FAM/C3-2-mis, and P19-5'PO4-3NH2-15FAM/ C3-14-mis were at similar levels.
The kcat/Km, defined as the specificity constant, is regarded as an approximate measurement of enzyme efficiency. For those mismatched duplexes having an acceleration effect with the tag, the kcat and Km values increased proportionally compared to the PM-duplexes. This is a characteristic of non-productive binding of the substrates to an enzyme (S1).
According to the Michaelis-Menten equation, the reaction of λ exo and the substrate can be described as equation 1:
(Eq. 1).
If the substrate binds with λ exo but does not lead to production, it can be described as equation 2:
(Eq. 2).
The rate of the reaction without non-productive complexes can be described as the normal form of the Michaelis-Menten equation:
where e0 is the initial concentration of the enzyme and s is the initial concentration of the substrate.
While the rate of reaction with non-productive complexes can be described as:
Comparing equation 3 and 4, the apparent K'm and k'cat can be described as:
Thus, K'm/k'cat= Km/kcat and the K'm and k'cat will decrease proportionally when the non-productive binding occurs. The interactions between the labeled tags and λ exo were largely affected by the structures of the tags.
Some of the tested tags (such as digoxin, biotin, and amino) did not interact with the amino acid residues in the active center of λ exo, so the presence of a mismatched base pair at the 5' side of these tags had little effect on stabilization of the productive Complex 2; and the acceleration effect on the digestion reaction was the same as that of Substrate 1. It's worth to mention that above-discussed properties were not limited to the tags labeled at Position 3 which was very close to the 5' end. They had also been observed for P14-5'PO4-10FAM/C4-9-mis and P15-5'PO4-56FAM/C5-55-mis duplexes, indicating that a combination of the mismatched base pair and the tag with a conjugated structure at 3' side not only influenced the initial steps of the digestion reaction but also affected the digestion process during the reactions.
The above mechanism could also explain the kinetic constants obtained for the substrates with blunt and recessed 5' phosphorylated ends. It was reported that the Km/kcat ratios of these two kinds of substrates were the same, but the Km and kcat values of the substrates with recessed 5' phosphorylated end (recessed 5'-PO4 substrate) were all larger than those of the substrate with blunt 5' phosphorylated end (blunt 5'-PO4 substrate) (S3). That was most likely because the recessed 5'-PO4 substrate had a 3' overhang which confined the recession of λ exo and promoted the transformation to Complex 2.
Compared to the blunt 5'-PO4 substrate, the recessed 5'-PO4 substrate formed more productive-binding complex with λ exo, thus resulting in the same Km/kcat and larger Km and kcat values.
